Biofixation of CO 2 by microalgae has become an effective carbon dioxide capture and storage (CCS) technology and it has the potential for large-scale application in decreasing CO 2 emission from combustion flue gases. In general, the production of the microalgae under flue gas CO 2 carbon sequestration is closely related with the algae species, culture methods, biological conditions, gas conditions and the CO 2 concentration. In this paper, the production parameter (biomass) for microalgae chlorella under flue gas was predicted using response surface methodology. It was found that the model agreed well with the experimental data. Further, the interacted analysis indicated that the carbon source, nitrogen source, cell inoculation density and light intensity had important effect on microalgae production.
Introduction
Many studies by other experts indicate that biofixation of CO 2 by microalgae is an effective carbon dioxide capture and storage technology. Many scholars at domestic and foreign had studied the breeding conditions, growth characteristics and the influence factors of microalgae, and had achieved a significant progress [1] . But these studies design experiments based on single factor mostly, in the other word, they studied the microalgae growth on the effect of a parameter under the other factors in the invariable conditions. So it is difficult to determine the interacted relationship between each factor. Recently response surface methodology (RSM) in the experimental design has been more and more attended in science and engineering. Designing experiments using RSM can study the influence of various parameters effectively through the statistical methods system [2] [3] . In this paper, six main factors, initial inoculation microalgae density, C source concentration, N source concentration, aeration rate, light intensity and temperature, were selected to establish the model for predicting the microalgae biomass. Moreover, the interacted effect of these factors were analyzed and discussed.
Modeling biomass production based on RSM

Basic principle of RSM
In recent years, response surface design is an effective data processing method used in the design of experiments to deal with multi variables effect based on the mathematical statistics theory. It is originally used in physical experiment field to explore science and engineering problems such as simulation optimization, parameter configuration, observation design etc. The greatest merit is that it can be used to determine the nonlinear relationship between the independent variables and dependent variables, and to analyze the interactive effects of independent variables on dependent variables.
Usually, a complete RSM model including constant, linear, interacted, squared terms can be expressed as:
0 β is the regression constant, i β , ii β and ij β are the regression coefficient, e is the random error.
Variable selection
Usually, microalgae biomass production is considered merely with the light intensity L. Actually, however, under the flue gas situation the microalgae biomass (B) is related with multi factors beside L. In this paper, more influence factors including initial inoculation microalgae density D (g/L), C source concentration C (%v/v), N source concentration N (mg/ L), aeration rate A(vvm), light intensity L(μ E/( m2·s)) and culture temperature T(℃) were selected as independent variables. It can be expressed as:
Dataset
A dataset with 69 samples was selected to model the special growth rate of microalgae. The properties of the independent variables are listed in Table 1 . For the purpose of data processing conveniently all data was normalized within the range of 0-1. The normalized predicted result was finally renormalized for comparison. 
Result and Analysis
Regression equation
Microalgae growth is usually after 4 stages, namely delay phase, logarithmic growth phase, stationary phase and recession phase. The logarithmic growth phase was usually studied by researchers as the third day's biomass. The regression coefficients of the microalgae biomass at the third day based on the statistical theory are listed in the table 2. In the table it is found that the P value is reduced by the increasing of the T value. Little P value declares that this factor's effect is notable. If the P value is greater than 0.05, it means that the influence on objective function by this factor is not significant. There are 9 terms of 28 terms in all have significantly influence on objective function, including 2 linear terms such as C and N, 3 square terms D*D , T*T and A*A, and 4 cross terms N*A, N*T, A*T, and L*A. So that the effect of initial inoculation microalgae density, N source concentration and aeration rate is significant, and there is a significant interaction influence. In addition, the interaction influenced by temperature and other factors is significant as well. R is selected as evaluation parameters. According to the regression result, the correlation coefficient of the microalgae biomass of the third day is 93.35% , the result is ideal. The final result of the 3 days biomass are as follow: 
Interacted effect
The interactive effects of these 6 factors mentioned above are illustrated in Fig.1 to Fig. 15 . Fig. 1 shows that microalgae biomass is high cultured in high initial vaccination density, and the microalgae with high initial vaccination will have a strong tolerance in high CO 2 density environment. So a conclusion was obtained that higher CO 2 density can be accessed in higher initial vaccination density cultivation. Fig. 2 shows that microalgae will have a high production in high initial inoculation density and low nitrogen concentration. From Fig. 3 it shows that the environment with high initial vaccination density and the appropriate aeration rate will be good for microalgae growth. Fig. 5 shows that the biomass production is high at the temperature in the range of 20℃ to 30℃. It will against the growth of microalgae under too low or too high temperature. From Fig. 6 it shows that the production of microalgae will be high in low CO 2 density (<10%v/v) and relatively low N source density (<200mg/L) stage, because higher density of CO 2 and N source will make solution pH value reduced, so that the growth of chlorella will be restrained. Fig. 7 shows that the microalgae cultivated in low CO 2 density and an appropriate aeration rate situations will have a high production. Fig. 8 shows that microalgae grows well when light intensity is strong in low CO 2 density stage. From Fig. 10 it shows that under the situation of high aeration rate and low N source density, the microalgae biomass will be high. However, in high N source density situations, along with the increase of aeration rate, biomass increased at first, but decreased later. In general the best aeration rate for microalgae is around 1vvm. Fig. 12 shows that the effect of N source density is quite contrary in low temperature and high temperature stage. The microalgae production will increase along with the increase of N source density when temperature is less than 20℃, but it will be decreased when temperature is more than 40℃. From Fig 13 it shows that microalgae grows well when the aeration rate is at about 1vvm. From Fig. 14 it shows that the biomass will decrease along with the increase of aeration rate when temperature is less than 20℃, because high aeration rate makes microalgae photosynthesis weak. But it will be increased when temperature is more than 30℃. Fig. 15 shows that the effect of light intensity is also quite contrary in low temperature and high temperature stage. The biomass will increase along with the increase of light intensity when temperature is more than 30℃, but it will be decreased when temperature is less than 20℃. 
Conclusions
(1) In this paper, a RSM model was established, and a good prediction model was obtained.
(2) The result shows that the interactive effects of N source and aeration rate, N source and temperature, aeration rate and temperature, aeration rate and light intensity were significant.
(3) Temperature is one of the most important factors affecting microalgae growth, and it will affect other factor's role of microalgae growth, such as N source, light intensity and aeration rate will be restricted by temperature. Chlorella showed a good growth situation from the temperature of 25°C to 35°C, because it can get high biological quality and high chlorophyll content well.
(4) If the more factors are considered, the more complex characteristic of microalgae growth is. It is difficult to design optimization model.
